In recent decades the world has experienced an unprecedented population growth. However, what is more interesting is the pattern of the growth. Urbanization is the term that characterizes this phenomenon and is responsible for the creation of large urban centers. Nevertheless, these "megacities" face multiple problems related to the environmental conditions, traffic and the quality of life that challenge their future sustainability. In this context underground development offers a feasible, long-term solution according to the principles of sustainable development. The present paper analyzes the stages of the trend as it evolved from the early days until recent findings.
Introduction
One of the most remarkable features of the previous century is the growth of the global population. In the beginning of the 20 th century the world population amounted approximately to 1.6 billion. Today the population of our planet is around 6.5 billion and estimations forecast that it will reach 9 billion by 2030. The study of the statistical data regarding the development of urban centers reveals that in 1800 the percentage of the total population that lived in urban regions was only 3%. In 1820 London became the first city that exceeded 1 million residents; in 1900 the number of cities with a population of 1 million residents amounted to 11, whereas the percentage of the total population that lived in urban regions had risen to 14%. From this point onwards the population development was very fast. In 1950 the population of our planet was 2.5 billion with 83 cities having a population above 1 million residents and two cities (London and the New York) that measured above 10 million residents. Similarly, urban population measured around 731 million in 1950 and 3.1 billion in 2005. It is observed, that while the total population increased by 156%, in the last 50 years, the urban population increased by 333% during the same time [1] . Today, 49.2% of the world population lives in urban regions. According to a recent research of UN-Habitat [2] it is estimated that the world urban population, will reach 4.98 billion by 2030 compared to 2.86 billion in 2000, thus representing 60% of the world population. In the developed countries the percentage of urban population is significantly higher (76%) compared to the developing ones (40%). The latter, however, present higher rates of urbanization. In the same report it is pointed out that the economic activities, that are located in urban regions account for more than 50% of the GNP of a given country. In fact, in certain countries of Latin America and Europe, this percentage can reach even 80%. The table below (Table 1 ) presents the forecast for the development of Europe and Northern America population between 2000 and 2030. It is observed that in 2030 more than 80% of the total population, in both continents, will reside in urban areas. Furthermore, what is worth noticing is that, while the total population of Europe is expected to reduce approximately 8%, the urban population is estimated to increase by roughly 1%: Such has been the growth of urban agglomerations that new terms have been developed to describe the phenomenon as, for example, the term "megacity" that refers to cities with a population of over 10 million residents. Unfortunately all these have come at a cost. It is widely accepted that the lack of free surface space, the sorely high land prices and the deterioration of the environmental conditions are just a few of the repercussions of urbanization [3] . Nowadays urban areas are accountable for the 75% of world consumption of resources and, simultaneously, they are responsible for the production of large amounts of waste. Urban centers contribute largely in the development of the greenhouse effect and the increase of the temperature of the planet [4] . In search for a possible solution that could resolve these problems urban planners and decision makers relied on spatial expansion. However, as the city's borders were continuously expanding consuming the remaining free surface space the result proved twofold. One the one hand the line that distinguishes urban and suburban or rural areas grew thinner and on the other hand soon it became apparent that the urban sprawl resulted only in the immigration of the problems to adjacent areas. At this point a radical alternative emerged: the development of urban underground space. Underground development supports the utilization of the underground space of urban areas, as an integral part of physical planning and zoning, for the alleviation of the surface problems and the improvement of the quality of life and the environmental conditions. Furthermore, it presents several advantages compared to surface options and it can provide the basis for a sustainable city. This paper attempts to describe the evolution of this trend from the early days until recent research results. Nevertheless, there are also factors that threaten the wider implementation of underground development; therefore a relevant analysis is given. Finally, the recent developments and future prospects are outlined.
The first steps towards underground development
The first systematic steps for the exploitation of underground space are recorded in the 1970s. It is then that scientists begin to investigate the possibilities of using the underground space and the corresponding benefits.
The birth of the International Tunneling Association
In the summer of 1970 a conference titled "Advisory Conference on Tunneling" and organized by the Organization for Economic Co-operation and Development -O.E.C.D. took place in Washington. The final product of this particular conference was a set of recommendations regarding the future of tunneling and the utilization of underground space that underlined the following [5] :
• Need for a local agency in each country.
• Planning the utilization of underground space.
• Use of the total cost/benefit concept in investment and planning decisions.
• Encouragement of technological advance and research requirements. Several initiatives and collaborations that followed the above-mentioned conference led to the foundation of the International Tunneling Association-ITA in 1974 [5] . The foundation of ITA marked a new era in the research of the underground space and its utilization. Intense research efforts related to tunneling as well as underground development began at this point and, accordingly, numerous different issues of the utilization of underground space were investigated. The aims of ITA, as these are expressed in the statutes are:
• To encourage the use of the subsurface for the benefit of public, environment and sustainable development.
• To promote advances in planning, design, construction, maintenance and safety of tunnels and underground space, by bringing together information thereon and by studying questions related thereto. The work of ITA is mainly carried out through the efforts of the relevant Working Groups-WG. These groups consist of scientists and researchers from the country-members of ITA and their work is under guidance of a coordinator.
Each WG has been assigned a specific topic, the corresponding WGs that focus on the underground space are: WG 4 "Subsurface Planning", WG 10 "CostBenefits of Urban Public Transport", WG 13 "Direct and Indirect Advantages of Underground Structures", WG 15 "Underground and Environment" and WG 20 "Urban Problems -Underground Solutions".
The foundation of the Associate Research Centers for Urban Underground Space -ACUUS
The following decade the trend for the utilization of underground space was further reinforced. In 1982 a UN conference took place in Sweden titled: "Subsurface Space Use in Developing Countries". The following year a series of conferences began that focused on the utilization of the subsurface and underground development. These conferences were the following: • Montreal, 29 September -3 October 1997, 7 th International Conference: "Underground Space: Indoor Cities of Tomorrow", Canada.
• Xi'an, 8 th International Conference 1999: "Agenda and Prospect for the Turn of the Century", supported by ACUUS, China.
• Turin, 14-16 November 2002: 9 th ACUUS International Conference "Urban Underground Space: a Resource for Cities", Italy.
• Moscow, 24-28 January 2005: 10 th ACUUS International Conference "Underground Space: Economy and Environment", Russian Federation. In 1996, between the 6 th and 7 th conferences an organization named "Associated Research Centers for the Urban Underground Space" -ACUUS was established. ACUUS had the responsibility for the organization the 7 th , 9 th and 10 th conference while it supported also the organization of 8 th congress. The 11 th conference is organized also by ACUUS and is scheduled to be hosted in Athens between 10 and 13 September 2007. The above-mentioned conferences shared among their main themes the uses of underground space in the modern urban environment, the comparison between surface and underground alternative schemes for the solution of major problems that contemporary urban areas face. Furthermore, they supported the necessary planning and the strategic decisions for the adoption of the subsurface development.
The contribution of ITA and ACUUS efforts
It is an undisputable fact that a large part of the promotion of underground development can be attributed to the previously mentioned organizations. It is with these two organizations that the systematic research of the underground space gains its position among the scientific community. Furthermore, the results of their research work rang an alarming bell sensitizing urban planners, architects and governmental agencies, urging all parts to invest on the utilization of the urban subsurface to ensure the sustainability of urban areas. More specifically, the work of ITA lays the foundations for the scientifically documented study of the potential uses of the underground space. For the first time the complex notion of the utilization of underground space is being approached with an integrated methodology and is analyzed in individual units such as the advantages and disadvantages, the costs, the role of the environment and political and legal factors. The research conducted by the WGs sheds light in many hitherto hidden aspects of underground development and at the same time it determines the framework in which all the involved parties should cooperate. Furthermore, the conferences organized by ACUUS constitute very important steps that further promote the trend of underground development. In these conferences scientists with different fields of expertise from countries with varying characteristics and needs meet, present and discuss exchanging experiences and ideas on existing problems of urban regions. Through these conferences knowledge is disseminated and it is acknowledged that urban areas face similar problems, independent of their geographic location.
The trend for underground development gains in momentum
The decade of the 1990s is characterized as very active especially as far as publications regarding the underground space are concerned. As the interest for underground space utilization is steadily increasing, research on relevant issues is intensified internationally. As a result a large number of studies are published in scientific journals and conferences. Reporting the total volume of this work is beyond the scopes of the present paper. Nevertheless, one can present important points by selectively quoting from the available body of literature.
The role of ITA's WGs publications
In 1995 the results of WG 13 are published in Tunnelling and Underground Space Technology journal [6] . The object of this particular WG was the evaluation of the direct and indirect advantages of underground structures. Firstly, the authors set the framework in which the evaluation of the direct and indirect advantages of underground space utilization will take place. With a view to producing clear and sound results the authors pose a set of questions, e.g. "on what concepts or principles are the advantages of using underground space based?", "who benefits from the advantages of underground space use?", "does the use of underground space also present certain disadvantages? If so, what are they?" etc. Furthermore, the study provides a discrimination between the "direct" and "indirect" advantages, with the former connected with the advantages that result comparing a given use between surface and underground placement, keeping all the other parameters same and the latter related with the advantages when the only alternative is the underground installation of a certain use. The authors stress that in a number of cases these advantages can simply be identified with the elimination of the disadvantages of the surface structure. This particular work is very important due to the integrated approach and the methodological framework that is shaped used in analyzing the basic attributes of underground space as well as examining the role of all the parties involved with underground development. The second paper of WG 13 was related with underground car parks [7] . The main aim was the application of the above-mentioned methodology in a casestudy. Underground car parks offered plenty of space for research as in the majority of cities worldwide the need for parking space is gradually increasing, thus affecting the quality of life. In this study the comparison is among underground car parks, street parking, the surface car parks and the multi-story car parking buildings. Emphasis is given both in the direct and the indirect advantages. The study concludes with remarks that underline the problems in estimating the construction cost of an underground parking facility. Depending on the environmental setting, the ground conditions and the legislative framework that exist in each case the cost varies significantly. Apart from that the authors acknowledge the lack of a financing tool that could appraise the advantages derived from the use of the subsurface in monetary terms.
ACUUS conferences
The conferences organized by ACUUS have also played an important role in the growth of the trend for underground development. These regular international meetings actively encourage the relocation of many surface uses in the subsurface and present the advantages of underground development.
In 1997 in the conference of Montreal Qihu [8] , forecasting the arrival of a "tidal wave" of urban underground space utilization, notices that with the explosive growth of Chinese economy, the level of urbanization in China is rapidly increasing. The large increase in the number of cities and the growth in urban areas provide justification for the previous argument. It is expected that until 2010 the total number of cities in China will amount to 1000 compared to 640 today. Based on satellite data the surface of 31 urban areas in China has increased approximately 150% between 1986 and 1996. According to the paper, certain cities (Beijing, Sanghai) are already beginning to show the first signs of a large agglomeration as they face traffic problems and environmental degradation.
The author states that the utilization of underground space does not simply offer solutions to the current problems. On the contrary, it is a resource that can meet future needs without jeopardizing the quality of life in the surface. In the same conference Edelenbos and Monnikhof [9] summarize the results of a governmental study that was intended to study the opportunities, the requirements and the challenges for the use of underground space in the Netherlands until 2030. The main objective of the research program was to identify the possibilities of underground space utilization so that it will contribute in the optimal spatial growth of the Netherlands in the future. The study was based on a multi-criteria analysis and it examined uses like transportation, storage, parking etc. with each use related to a certain locationtype. Four scenarios regarding future development in areas such as economy, politics, infrastructure and public administration are drawn and they are examined using seven criteria. The outcome of the study is recommendations for the location of a use relatively to the ground surface: "elevated", "surface", "inthe-ground" and "underground". The authors underline that it is highly likely that underground space will have an important role in the spatial growth of the Netherlands. However, there are still many obstacles especially in matters of governmental policy, which seems inadequately equipped to facilitate the utilization of underground space.
Research efforts of a different character
Although there has been significant progress with regards to the utilization of the urban underground space, underground development is still far from being fully incorporated in urban planning. In several cases countries have reformed their policy by adopting underground development in urban areas. However, the widespread acknowledgement of the advantages of underground development remains a future goal. In this course for the utilization of the subsurface environment in urban areas there have also been cases where engineers designed and constructed underground projects of a unique character. For example a wellknown case is the Gjovik underground facility in Norway. Many of the sport events of the XVII Winter Olympics that took place in 1994 were held in Gjovik Olympic Mountain Hall, an underground cavern with a stunning 62 m roof-span that was constructed for that purpose [10] . Moreover, underground sport facilities are also found in Finland as outdoor facilities offer limited services due to weather conditions [11] .
In addition, at these first stages of underground development certain issues that had been given little or no attention stepped in the foreground. Issues like the safety of underground constructions, human psychology with regards to the underground, and the underground environment as a working place drew the attention of researchers and were studied accordingly [12] . Factors like accessibility to the underground, orientation, materials, colors, noise levels and air quality as well as natural or artificial lighting are very important for the improvement of the quality of underground spaces [13] .
Impediments to underground development
Notwithstanding the numerous advantages of underground development there are also factors that hinder the wider utilization of the subsurface. Usually, underground structures have a higher construction cost than the relevant surface ones. Furthermore, the risk levels when building underground are higher owing to the diversity of the geological medium. Rarely the exact geotechnical parameters and their variations are known with sufficient detail before the underground project has been completed. Moreover, an underground structure causes an almost permanent alteration in the subsurface. Underground structures cannot be "demolished" like surface ones. Therefore, detailed planning is required. Perhaps the most crucial of the impediments to urban underground development are the proprietary rights of underground space and the lack of a widely accepted method to valuate the advantages of utilizing the subsurface.
Proprietary rights of the underground space constitute a key-point. However, it has not been clarified completely in all countries. It is apparent that under the circumstances the multiple advantages of underground space utilization cannot be fully exploited and its promotion encounters serious obstacles. On the other hand, the experience gained from similar cases, with Montreal being the most characteristic one, can assist in eliminating possible problems [14] . It is widely accepted that the development of the underground city of Montreal would have not been accomplished, unless urban planners had decided to stratify the property rights both vertical and horizontal.
According to a survey published in 1991 by WG 4 "Subsurface Planning" with regards to legal issues of the use of underground space four types of proprietary rights are recorded [15] :
• The surface owner owns the subsurface to the center of earth.
• The surface owner owns as far as a reasonable interest exists.
• The surface owner owns only to a limited depth beneath the land surface (as little as 6 m).
• Private land ownership is almost nonexistent and, hence, the underground is also publicly owned. The second large obstacle that the implementation of underground development has to overcome is the fact that usually the benefits of using the underground space cannot be expressed in monetary terms and are instead characterized in qualitative terms. Hence, choices are mainly based on comparisons between construction costs of surface and underground alternatives. Furthermore, in the majority of cases underground space is considered as a public good and is assigned a zero value [16] . Ignoring the value of underground space can lead in incorrect decisions and consequently the subsurface utilization is not optimal, thus canceling many of the benefits of underground structures.
However, in certain cases underground space can be evaluated using techniques of environmental economics. Nishi et al [17] presented such a case in 2000. The authors used a questionnaire in order to establish the residents' Willingness To Pay -WTP to prevent any surface construction that would result in visual degradation of the landscape. The researchers interviewed residents in the cities of Hakodate, Nagoya, Kyoto and Kobe, Japan. The results showed that, on average, each resident was willing to pay $77.5 annually to preserve the view. In this particular research an indirect advantage of underground space emerges; the preservation of the exterior environment.
Concluding remarks -future prospects
The future has many things in store regarding underground development. Advances in fields like rock mechanics, excavation and support of underground structures will undoubtedly enable the construction of more complex and difficult underground projects even in cases when underground construction was previously not considered as an option. Studying the evolution of the urban underground development trend one can argue that researchers have covered the majority of issue related with the subject. The continuously growing body of literature in terms of papers published in journals or in terms of international conferences provides partial justification. Research efforts have covered most of the uses that can be benefited if they are relocated underground and the advantages of the utilization of underground space have been intensively studied. However, many claim that the progress is not satisfactory yet. Indeed, apart from a few isolated cases, urban underground development has not been systematically investigated by the authorities. The sustainability of urban areas is closely related with urban planning and although there are records showing that underground development can aid in achieving this goal, underground development has not been incorporated in urban planning. Apart from that, proprietary rights of the underground space and the monetary valuation of its advantages are probably the most important issues that should be addressed in depth. Unless specific steps towards resolving these matters are taken, urban underground development cannot facilitate the sustainable development of urban areas.
